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DESCRIPTION 

RADIO TRANSMITTING APPARATUS AND RADIO TRANSMISSION 
METHOD 

5 

Technical Field 

The present invention relates in particular to a 
radio transmitting apparatus and radio transmission 
method whereby modulated signals are transmitted using 
10 a plurality of antennas. 

Background Art 

Heretofore, methods have been proposed whereby the 
amount of transmitted information is increased by 

15 transmitting different modulated signals from a plurality 
of antennas, and separating and modulating modulated 
signals transmitted simultaneously from individual 
antennas on the receiving side, as with the transmission 
method known as MIMO (Multi Input Multi Output) described 

20 in ^'Proposal for an SDM-COFDM System for Wideband Mobile 
Communications Achieving 100 Mbit/s by Means of MIMO 
Channels" (lEICE Technical Report RCS -2 0 0 1 - 1 3 5 , October 
2001), for example. 

This method will be explained briefly. A case will 

25 be considered in which, as shown in FIG.l, a modulated 
signal A and modulated signal B are simultaneously 
transmitted from two antennas Tl and T2 respectively. 
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and modulated signals A and B are received by two antennas 
Rl and R2 . In this case, it is necessary for four channel 
fluctuations hll(t), hl2(t), h21(t), and h22(t) to be 
estimated on the receiving side. 
5 Therefore, pilot symbols (radio wave propagation 

environment estimation symbols) 01, 02, 03, and 04 for 
estimating channel fluctuations hll (t) , hl2 (t) , h21 (t) , 
and h22(t) are placed in modulated signals A and B as 
shown in FIG. 2. Here, a C known signal is sent with pilot 

10 symbols 01 and 03, a-C* known signal with pilot symbol 
0 2 , and a C* known signal with pilot symbol 0 4 . An asterisk 
{*) indicates a conjugate complex number. Apart from 
pilot symbols 01, 02, 03, and 04, data symbols are also 
placed in both modulated signal A and modulated signal 

15 B. 

With a conventional radio transmitting apparatus 
that simultaneously transmits different modulated 
signals from a plurality of antennas in this way, embedding 
pilot symbols in the modulated signals transmitted from 

20 the antennas enables modulated signals multiplexed 
together on the propagation path to be satisfactorily 
separated and demodulated on the receiving side. 

Heretofore, also, a system has been proposed 
whereby, taking the above-described technology as a basis, 

25 the number of antennas that transmit modulated signals 
is changed according to the radio wave propagation 
environment and so forth. With this system, when four 
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antennas are provided on the transmitting side, for 
example, four different modulated signals are 
simultaneously transmitted using all four antennas when 
the radio wave propagation environment is good, whereas 
5 two different modulated signals are simultaneously 
transmitted using only two antennas when the radio wave 
propagation environment is poor. 

However, with a system in which the number of 
modulated signals transmitted simultaneously is changed 
10 according to the radio wave propagation environment and 
so forth, the received signal level also changes in 
accordance with a change of the number of transmitting 
antennas (that is, the number of transmit modulated 
signals), and therefore the quantization error of an 
15 analog/digital converter in the receiving apparatus may 
become large. As this quantization error greatly affects 
the channel estimation precision and information data 
error rate, the modulated signal reception quality falls . 

Disclosure of Invention 

It is an object of the present invention to provide 
a radio transmitting apparatus and radio transmission 
method that enable reception quality to be improved by 
reducing pilot symbol and data symbol quantization error 
in a system in which the number of simultaneously 
transmitted modulated signals is changed according to 
the propagation environment and so forth. 
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This object is achieved by changing the transmit 
power of the modulated signal transmitted from each 
antenna according to the number of antennas that 
simultaneously transmit modulated signals (that is, the 
5 number of modulated signals) . 

Brief Description of Drawings 

FIG.l is a drawing provided to explain a case in 
which modulated signals are transmitted from two 
10 antennas; 

FIG. 2 is a drawing showing pilot symbols placed in 
modulated signals; 

FIG. 3 is a block diagram showing the basic 
configuration of a radio transmitting apparatus of the 
15 present invention; 

FIG. 4 is a drawing provided to explain a case in 
which modulated signals are transmitted from two 
antennas; 

FIG.5A is a drawing showing a sample frame 
20 configuration of modulated signal A; 

FIG.5B is a drawing showing a sample frame 
configuration of modulated signal B transmitted at the 
same time as modulated signal A; 

FIG. 6 is a drawing showing a sample signal point 
25 arrangement of each symbol when two modulated signals 
are transmitted simultaneously; 

FIG 7A is a table showing a sample symbol signal 



point arrangement of modulated signal A; 

FIG 7B is a table showing a sample symbol signal 
point arrangement of modulated signal B transmitted at 
the same time as modulated signal A; 
5 FIG. 8 is a drawing provided to explain a case in 

which modulated signals are transmitted from four 
antennas ; 

FIG.9A is a drawing showing a sample frame 
configuration of modulated signal A; 
10 FIG. 98 is a drawing showing a sample frame 

configuration of modulated signal B; 

FIG.9C is a drawing showing a sample frame 
configuration of modulated signal C; 

FIG.9D is a drawing showing a sample frame 
15 configuration of modulated signal D; 

FIG.IO is a drawing showing a sample signal point 
arrangement of each symbol when four modulated signals 
are transmitted simultaneously; 

FIG llA is a table showing a sample symbol signal 
20 point arrangement of modulated signal A; 

FIG IIB is a table showing a sample symbol signal 
point arrangement of modulated signal B; 

FIG lie is a table showing a sample symbol signal 
point arrangement of modulated signal C; 
25 FIG IID is a table showing a sample symbol signal 

point arrangement of modulated signal D; 

FIG-12A is a waveform diagram of data symbols of 
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two modulated signals; 

FIG.12B is a composite waveform diagram of two data 
s y mb o 1 s ; 

FIG.12C is a drawing showing the relationship 
5 between the waveform of a general pilot symbol and the 
composite waveform of two data symbols; 

FIG.12D is a drawing showing the relationship 
between the waveform of a pilot symbol of an embodiment 
and the composite waveform of two data symbols; 
10 FIG.13A is a waveform diagram of data symbols of 

four modulated signals; 

FIG. 13B is a composite waveform diagram of four data 
symbol s ; 

FIG.13C is a drawing showing the relationship 
15 between the waveform of a general pilot symbol and the 
composite waveform of four data symbols; 

FIG.13D is a drawing showing the relationship 
between the waveform of a pilot symbol of an embodiment 
and the composite waveform of four data symbols; 
20 FIG. 14 is a drawing showing the configuration of 

a radio transmitting apparatus of Embodiment 1; 

FIG. 15 is a drawing showing the configuration of 
a modulation section; 

FIG. 16 is a drawing showing the configuration of 
25 a pilot symbol mapping section; 

FIG-17 is a drawing showing the configuration of 
a radio receiving apparatus of Embodiment 1; 
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FIG. 18 is a drawing showing the configuration of 
a radio section; 

FIG. 19 is a waveform diagram showing variation of 
a composite signal of modulated signals when the number 
5 of transmitting antennas is switched from two to four 
without performing transmit power control of Embodiment 
2; 

FIG. 20 is a waveform diagram showing variation of 
a composite signal of modulated signals when the number 
10 of transmitting antennas is switched from four to two 
without performing transmit power control of Embodiment 
2; 

FIG.21A is a drawing showing the transmit power of 
each modulated signal when the number of transmitting 
15 antennas is two; 

FIG.21B is a drawing showing the transmit power of 
each modulated signal when the number of transmitting 
antennas is switched to four; 

FIG. 22 is a waveform diagram showing variation of 
20 a composite signal of modulated signals when transmit 
power control of Embodiment 2 is applied when the number 
of transmitting antennas is switched from two to four; 

FIG.23A is a drawing showing the transmit power of 
each modulated signal when the number of transmitting 
25 antennas is four; 

FIG.23B is a drawing showing the transmit power of 
each modulated signal when the number of transmitting 
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antennas is switched to two; 

FIG. 24 is a waveform diagram showing variation of 
a composite signal of modulated signals when transmit 
power control of Embodiment 2 is applied when the number 
5 of transmitting antennas is switched from four to two; 

FIG-25 is a drawing showing restoration to its 
original level of transmit power lowered due to an increase 
in the number of transmitting antennas; 

FIG. 26 is a drawing showing restoration to its 
10 original level of transmit power raised due to a decrease 
in the number of transmitting antennas; 

FIG.27A is a drawing showing a frequency spectrum 
in which distortion is not generated; 

FIG.27B is a drawing showing a frequency spectrum 
15 in which distortion is generated; 

FIG. 28 is a block diagram showing the configuration 
of a radio transmitting apparatus of Embodiment 2; 

FIG.29A is a drawing showing a sample frame 
configuration of modulated signal A; 
20 FIG.29B is a drawing showing a sample frame 

configuration of modulated signal B; 

FIG.29C is a drawing showing a sample frame 
configuration of modulated signal C; 

FIG.29D is a drawing showing a sample frame 
25 configuration of modulated signal D; 

FIG- 30 is a waveform diagram showing an example of 
transmit waveforms when the ratio of the composite signal 
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operating range to the operating range of each modulated 
signal is 4 when four modulated signals are transmitted 
by four transmitting antennas; 

FIG. 31 is a waveform diagram showing an example of 
5 transmit waveforms when the ratio of the composite signal 
operating range to the operating range of each modulated 
signal is 1 when four modulated signals are transmitted 
by four transmitting antennas; 

FIG. 32 is a drawing showing signal point 
10 arrangements of modulated signals A and B, and a sample 
signal point arrangement of a composite signal of 
modulated signals A and B; 

FIG. 33 is a drawing showing signal point 
arrangements of modulated signals A and B, and a sample 
15 signal point arrangement of a composite signal of 
modulated signals A and B, when only the phase of the 
signal point arrangement of modulated signal B is rotated 
through 90°; 

FIG. 34 is a drawing showing signal point 
20 arrangements of modulated signals AthroughD, and a sample 
signal point arrangement of a composite signal of 
modulated signals A through D; 

FIG. 35 is a drawing showing signal point 
arrangements of modulated signals A through D, and a sample 
25 signal point arrangement of a composite signal of 
modulated signals A through when modulated signals 

A, B, C, and D are transmitted using different signal 
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point arrangements ; 

FIG. 36 is a drawing showing signal point 
arrangements of modulated signals A through D, and a sample 
signal point arrangement of a composite signal of 
5 modulated signals A through when modulated signals 

A^ C, and D are transmitted using different signal 

point arrangements; and 

FIG. 37 is a drawing showing an example in which the 
transmit power of modulated signals is changed by changing 
10 the number of subcarriers used. 

Best Mode for Carrying out the Invention 

The gist of the present invention is that, in a radio 
transmitting apparatus in which the number of modulated 

15 signals transmitted simultaneously can be changed, the 
transmit power of the modulated signal transmitted from 
each antenna is changed according to the number of antennas 
that simultaneously transmit modulated signals (that is, 
the number of modulated signals) . Thatistosay, as shown 

20 in the basic configuration diagram in FIG. 3, radio 
transmitting apparatus 10 has a plurality of antennas 
Tl through Tn, modulated signal number setting section 
11 that sets the number of modulated signals (modulated 
signal 1 through modulated signal n) transmitted using 

25 plurality of antennas Tl through Tn, and transmit power 
changing section 12 that changes the transmit power of 
the modulated signals (modulated signal 1 through 



modulated signal n) according to the number of transmit 
modulated signals . 

With reference now to the accompanying drawings, 
embodiments of the present invention will be explained 
5 in detail below. 



(Embodiment 1) 

A particular feature of this embodiment is that the 
transmit power of a pilot symbol contained in a modulated 
10 signal is changed according to the number of antennas 
that simultaneously transmit modulated signals (that is, 
the number of modulated signals) . By this means, pilot 
symbol quantization error in a receiving apparatus can 
be reduced. 

15 Specifically, when the number of simultaneously 

transmitted modulated signals is changed, the combined 
power (that is, the dynamic range) of data symbols 
contained in each modulated signal changes on the 
receiving side, and therefore pilot symbol transmit power 

20 is changed so as to match this combined data symbol dynamic 
range. Actually, the signal point arrangement when a 
pilot symbol is formed is changed so that the ratio of 
data symbol transmit power to pilot symbol transmit power 
changes according to the number of transmit modulated 

25 signals . 

(1) Principle 
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First, the principle of this embodiment will be 
explained . 

A case will be described in which, as shown in FIG. 4, 
a modulated signal A and modulated signal B are 
5 simultaneously transmitted from two antennas Tl and T2 
respectively, signals in which modulated signals A and 
B are combined are received by two antennas Rl and R2 , 
and these signals are separated and demodulated. 

In this case, it is necessary on the receiving side 

10 to estimate four channel fluctuations hll(t)^ hl2(t), 
h21(t), and h22(t) [where t indicates time], and 
demodulate the modulated signals. It is therefore 
necessary for pilot symbols such as symbols for signal 
detection, control symbols for frequency offset 

15 estimation and time synchronization, transmission method 
information symbols, and radio wave propagation 
environment estimation symbols, to be provided in 
modulated signals A and B- 

Although symbols necessary for demodulation such 

20 as symbols for signal detection, control symbols, and 
radio wave propagation environment symbols, can be 
collectively called pilot symbols, unique words, 
preambles, and so forth, in this embodiment they are all 
referred to as pilot symbols. Estimation of channel 

25 fluctuations hll(t), hl2{t), h21(t), and h22(t) is 
performed using radio wave propagation environment 
symbols . 



FIG,5A and FIG.5B are drawings showing sample frame 
configurations of modulated signal A and modulated signal 
B. As an example, FIG.5A and FIG.5B show frame 
configurations on time-frequency axes when modulated 
signals A and B are OFDM (Orthogonal Frequency Division 
Multiplexing) signals. In FIG . 5A and FIG . 5B , reference 
code 101 denotes a symbol for signal detection, reference 
code 102 denotes a control symbol for frequency offset 
estimation and time synchronization, reference code 103 
denotes a transmission method information symbol, 
reference code 104 denotes a radio wave propagation 
environment estimation symbol, and reference code 105 
denotes a data symbol. 

FIG. 6 shows sample signal point arrangements in the 
in-phase I-quadrature Q plane of the symbols in FIG.5A 
and FIG.5B. Reference code 201 indicates a signal point 
of a signal detection symbol 101, with (I,Q) = (2.0,0) 
or (-2 .0,0) . Reference code 202 indicates a signal point 
of a control symbol 102 or radio wave propagation 
environment estimation symbol 104, with (I,Q) = (1.0,1.0) 
or (-1.0,-1.0). Reference code 203 indicates a signal 
point in the case of a QPSK (Quadrature Phase Shift Keying) 
data symbol, with (I,Q)- (0.707,0.707), (0.7 07,-0.7 07), 
(-0.707, 0.707), or (-0.707,-0.707). 

FIG 7A and FIG 7B are tables showing symbol signal 
point arrangements in the I-Q plane of modulated signal 
A and modulated signal B with the frame configurations 
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in FIG.5A and FIG.5B. Here, the reason why different 
sequences are used in modulated signal A and modulated 
signal B at time i+1 in FIG 7A and FIG 7B (equivalent 
to control symbol 102 in FIG.5A and FIG.5B) is explained. 
If the same sequence we reused by each transmitting antenna , 
the PAPR ( Peak-to-Average Power Ratio) when in-phase 
combining is performed on the receiving side would be 
large, and the dynamic range of a signal input to the 
receiving apparatus would be unstable. Different 
sequences are therefore used in order to keep the PAPR 
small. The method of creating different sequences here 
is not limited to the method shown in FIG 7A and FIG 7B, 
the essential point being that the PAPR should be made 
small. Different sequences are also used for time i+3 
(equivalent to radio wave propagation environment 
estimation symbol 104 in FIG.5A and FIG.5B) for the same 
reason . 

A case will now be described in which, as shown in 
FIG. 8 , modulated signals A, B, C, and D are simultaneously 
transmitted from four antennas Tl, T2, T3, and T4 
respectively, signals in which modulated signals A, B, 
C, and D are combined are received by four antennas Rl, 
R2, R3, and R4, and these signals are separated and 
demodulated . 

In this case, it is necessary for 4 x 4 = 16 channel 

fluctuations hi 1 ( t ) , h2 1 ( t ) , h3 1 ( t ) , h4 1 ( t ) , , h44 (t ) 

to be estimated and demodulated on the receiving side. 
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It is therefore necessary, as in the case of two antennas 
described above, for pilot symbols such as symbols for 
signal detection, control symbols for frequency offset 
estimation and time synchronization, transmission method 
information symbols, and radio wave propagation 
environment estimation symbols, to be provided in 
modulated signals A, B, C, and D. 

FIG. 9A through FIG. 9D, in which parts corresponding 
to those in FIG.5A and FIG.5B are assigned the same codes 
as in FIG.5A and FIG.5B, show frame configurations of 
modulated signal A, modulated signal B, modulated signal 
C, and modulated signal D. 

FIG. 10 shows signal point arrangements in the 
in-phase I - quadrature Q plane of the symbols in FIG.9A 
through FIG.9D. Reference code 401 indicates a signal 
point of signal detection symbol 101, with (I,Q) = (4.0,0) 
or (-4 .0,0) . Reference code 402 indicates a signal point 
of control symbol 102 or radio wave propagation 
environment estimation symbol 104, with (I,Q) = (2.0,2.0) 
or (-2.0,-2.0). Reference code 203 indicates a signal 
point in the case of a QPSK data symbol, with (I,Q) = 
(0.707,0.7 07), (0.707,-0.707), (-0.707,0.707), or 
(-0.707,-0.707) . 

FIG.llA through FIG.llD are tables showing sample 
signal point arrangements in the I-Q plane of modulated 
signal A, modulated signal B, modulated signal C, and 
modulated signal D with the frame configurations in FIG. 9A 



15 



through FIG . 9D . Here , the reason why different sequences 
are used in FIG.llA and FIG.llB at time i+1 in FIG.llA 
through FIG.llD (equivalent to control symbol 102 in 
FIG . 9A through FIG . 9D) is explained . If the same sequence 
5 were used by each transmitting antenna, the PAPR when 
in-phase combining is performed on the receiving side 
would be large^ and the dynamic range of a signal input 
to the receiving apparatus would be unstable. Different 
sequences are therefore used in order to keep the PAPR 

10 small. The method of creating different sequences here 
is not limited to the method shown in FIG.llA through 
FIG-llD, the essential point being that the PAPR should 
be made small . Different sequences are also used for time 
i+3 (equivalent to radio wave propagation environment 

15 estimation symbol 104 in FIG.9A through FIG.9D) for the 
same reason . 

FIG.12A through FIG.12D show examples of waveforms 
of modulated signals on the time axis when modulated 
signals A and B are transmitted from two antennas Tl and 

20 T2 as shown in FIG. 4 through FIG. 7. FIG.12A shows the 
waveforms of data symbols of modulated signals A and B. 
FIG.12B shows the waveform of a composite signal of 
modulated signal A and modulated signal B. FIG.12C and 
FIG.12D show waveforms when a pilot symbol modulated 

25 signal is inserted in the composite signal in FIG.12B- 
FIG.13A through FIG.13D show examples of waveforms 
of modulated signals on the time axis when modulated 

16 



signals A through D are transmitted from four antennas 
Tl through T4 as shown in FIG. 8 through FIG. 11. FIG.13A 
shows the waveforms of data symbols of modulated signals 
A through D. FIG.13B shows the waveform of a composite 
5 signal of modulated signals A, B, C, and D. FIG.13C and 
FIG.13D show waveforms when a pilot symbol modulated 
signal is inserted in the composite signal in FIG.13B. 

The characteristics and effects of a radio 
transmitting apparatus of this embodiment will now be 
10 explained. 

The first characteristic is that, as is clear from 
FIG . 6 and FIG . 10 , the maximum s ignal point amplitude (the 
amplitude at which the distance between a signal point 
and the origin is greatest) of each pilot symbol is made 
15 larger than the maximum signal point amplitude of a data 
symbol modulated signal. This enables a pilot symbol, 
which is extremely important in data demodulation, to 
be detected with good precision. In addition, this 
enables the pilot symbol reception level in a receiving 
20 apparatus to be brought close to the data symbol reception 
level. That is to say, generally, data symbols are mostly 
transmitted simultaneously from all antennas in order 
to increase the amount of data transmitted, whereas pilot 
symbols , for which the emphasis is on detection precision, 
25 are usually transmitted from one antenna at a time, 
switching among the transmitting antennas, for example. 
Taking this into consideration, making the maximum signal 
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point amplitude of pilot symbols larger than the maximum 
signal point amplitude of data symbols, as in this 
embodiment, brings the reception levels of data symbols 
and pilot symbols closer, and enables quantization error 
5 in the receiving apparatus to be reduced. 

The second characteristic is that the maximum signal 
point amplitude at time i when only modulated signal A 
is transmitted ( in thi s embodiment , only signal detection 
symbol 101 is transmitted) is made larger than the maximum 

10 signal point amplitude of a pilot symbol at other times. 
This enables the reception level of only a pilot symbol 
of modulated signal A to be made equal to the pilot symbol 
reception level when modulated signal A and modulated 
signal B are multiplexed- That is to say, in this 

15 embodiment, the maximum signal point amplitude of pilot 
symbols is made larger the lower the degree of pilot symbol 
multiplexing. By this means pilot symbol reception 
levels can be made approximately the same, enabling 
quantization error in the receiving apparatus to be 

20 reduced. In other words , while the above-described first 
characteristic reduces quantization error by making the 
reception levels of data symbols and pilot symbols equal, 
this second characteristic reduces quantization error 
by making pilot symbol reception levels equal. 

25 The third characteristic is that the maximum signal 

point amplitude of pilot symbols when four modulated 
signals A through D are transmitted using four 
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transmitting antennas Tl through T4 is made larger than 
the maximum signal point amplitude of pilot symbols when 
two modulated signals A and B are transmitted using two 
transmitting antennas Tl and T2 . By this means the 
reception levels of data symbols and pilot symbols can 
be brought closer, enabling quantization error in the 
receiving apparatus to be reduced. 

For example , as shown inFIG.6andFIG.10, the maximum 
signal point amplitude of signal detection symbols 101 
(FIG.5A, FIG.5B, FIG.9A through FIG.9D) is 2 when the 
number of transmitting antennas is two and two modulated 
signals are transmitted (signal points 201 in FIG-6), 
but 4 when the number of transmitting antennas is four 
and four modulated signals are transmitted (signal points 
401 in FIG. 10). Similarly, the signal point amplitude 
of control symbols for frequency offset estimation and 
time synchronization 102 and radio wave propagation 
environment estimation symbols 104 is 1.414 when the 
number of transmitting antennas is two and two modulated 
signals are transmitted (signal points 202 in FIG. 6), 
but 2.828 when the number of transmitting antennas is 
four and four modulated signals are transmitted (signal 
points 402 in FIG. 10). 

Here, the combined number of data symbols is two 
when modulated signals are transmitted from two antennas , 
and four when modulated signals are transmitted from four 
antennas. In "contrast, if the fact that pilot symbols 
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are not transmitted from all antennas, as stated above, 
is considered (if it is assumed that pilot symbols are 
transmitted from only one antenna, for example) , in order 
to make the data symbol reception level and pilot symbol 
5 reception level equal, it is necessary to increase the 
pilot symbol transmit power the greater the number of 
antennas used. Considering this point, in this 
embodiment data symbol and pilot symbol reception levels 
are coordinated, and quantization error is reduced, by 

10 increasing the pilot symbol transmit power the greater 
the number of antennas used (that is, the greater the 
number of modulated signals transmitted) . 

Next, the actions and effects of the above-described 
characteristics of this embodiment will be described. 

15 First, a case in which two modulated signals are 

transmitted by two transmitting antennas will be 
considered. The operating range of modulated signal A 
and B data symbols will be assumed to be, for example, 
-128 to 128, as shown in FIG.12A. The waveform of a 

20 composite signal combining two modulated signal A and 
B data symbols (a composite signal of modulated signal 
A and modulated signal B being received by the receiving 
antennas) then has an operating range -256 to 256, as 
shown in FIG.12B. These values are not exact, but the 

25 operating range is larger than -128 to 128. 

FIG-12C and FIG.12D show modulated signals when a 
signal detection symbol 101, control symbol for frequency 
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offset estimation and time synchronization 102, 
transmission method information symbol 103, radio wave 
propagation environment estimation symbol 104, or 
suchlike pilot symbol modulated signal (pilot signal) 
5 is added to the data symbol composite signal in FIG.12B. 
If the operating range of the pilot signal is -128 to 
128 while the operating range of the data symbol composite 
signal is-256 to 256, as in FIG.12C, quantization error 
in the analog/digital conversion section of the receiving 

10 apparatus increases, and therefore the precision of 
separation of modulated signal A data symbols and 
modulated signal B data symbols falls, as does the 
precision of demodulation of modulated signal A data 
symbols and modulated signal B data symbols. 

15 Considering this point, in this embodiment, by 

performing operations as outlined in the description of 
characteristics above, the pilot symbol transmit power 
(maximum signal point amplitude) is selected as 
appropriate according to the number of modulated signals 

20 and so forth so that the operating range of a data symbol 
composite signal and the operating range of a pilot signal 
come to be of the same level, as in FIG.12D. For example, 
when the data symbol composite signal operating range 
is -256 to 256, it is only necessary to have the pilot 

25 signal operating range also become -256 to 256 in line 
with this, as shown in FIG.12D. 

Next, a case in which four modulated signals are 
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transmitted by four transmitting antennas will be 
considered. The operating range of modulated signal A 
through D data symbols will be assumed to be, for example, 
-64 to 64, as shown in FIG . 13A. The waveform of a composite 
5 signal combining four modulated signal A through D data 
symbols (a composite signal of modulated signals A through 
D being received by the receiving antennas) then has an 
operating range -256 to 256, as shown in FIG,13B. These 
values are not exact, but the operating range is larger 

10 than -64 to 64. Also, the ratio of the composite signal 
operating range to the operating range of each modulated 
signal is larger compared to when two modulated signals 
are transmitted by two transmitting antennas . It is here 
assumed that the ratio of the composite signal operating 

15 range to the operating range of each modulated signal 
is 2 when two modulated signals are transmitted by two 
transmitting antennas, and the ratio of the composite 
signal operating range to the operating range of each 
modulated signal is 4 when four modulated signals are 

20 transmitted by four transmitting antennas. In this 
embodiment, considering this difference in operating 
range ratios, the operation described under the third 
characteristic above is performed. 

FIG.13C and FIG.13D show modulated signals when 

25 signal detection symbol 101, control symbol for frequency 
offset estimation and time synchronization 102, 
transmission method information symbol 103, radio wave 



propagation environment estimation symbol 104, or 
suchlike pilot symbol modulated signal (pilot signal) 
is added to the data symbol composite signal in FIG.13B. 
If the operating range of the pilot signal is -64 to 64 
while the operating range of the data symbol composite 
signal is -256 to 256, as in FIG.13C, quantization error 
in the analog/digital conversion section of the receiving 
apparatus increases, and therefore the precision of 
separation of modulated signal A through D data symbols 
falls, as does the precision of demodulation of modulated 
signal A through D data symbols. 

Considering this point, in this embodiment, by 
performing operations as outlined in the description of 
characteristics above, the pilot symbol transmit power 
(maximum signal point amplitude) is selected as 
appropriate according to the number of modulated signals 
and so forth so that the operating range of a data symbol 
composite signal and the operating range of a pilot signal 
come to be of the same level, as in FIG.13D. For example, 
when the data symbol composite signal operating range 
is -256 to 256, it is only necessary to have the pilot 
signal operating range also become -256 to 256 in line 
with this, as shown in FIG.13D. 

That is to say, in this embodiment, performing 
operations as outlined in the description of the first 
through third characteristics above enables a waveform 
as shown in FIG.12D and FIG.13D to be obtained, thereby 
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enabling quantization error in the analog/digital 
conversion section of the receiving apparatus to be 
reduced. As a result, the precision of separation of 
modulated signals A and B or modulated signals A through 
5 D is improved, and the reception quality of the modulated 
signals is also improved. 

Thus, according to this embodiment, the reception 
quality of data in a receiving apparatus is improved by 
changing the pilot signal point arrangement in accordance 
10 with a change in the number of modulated signals 
transmitted- At this time, the effect is further 
heightened by making the signal point amplitude of pilot 
symbols larger the greater the number of modulated signals 
transmitted . 

15 Here, a description has been given taking signal 

detection symbol 101 as an example ofapilot symbol present 
only in modulated signal A (that is, a non-multiplexed 
pilot symbol) , but, naturally, control symbol 102 or radio 
wave propagation environment estimation symbol 104 may 

20 also be taken as a non-multiplexed pilot symbol. That 
is to say, the multiplexing method is not limited to the 
cases shown in FIG . 5A, FIG . 5B, and FIG . 9A through FIG . 9D, 
and the present invention is widely effective in cases 
where the degree of multiplexing of pilot symbols is small 

25 compared with data symbols. A specific example of this 
will be described in detail in Embodiment 3. 
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(2) Configuration 

FIG. 14 shows the configuration of a radio 
transmitting apparatus 500 according to this embodiment. 

Adata sequence generation section 501 has a transmit 
5 digital signal SI and a frame configuration signal 32 
as input/ and based on frame configuration signal 32, 
outputs a modulated signal A transmit digital signal S3A, 
modulated signal B transmit digital signal S3B, modulated 
signal C transmit digital signal S3C, and modulated signal 
10 D transmit digital signal S3D. 

Modulation sections 502A through 50 2 D have modulated 
signal A through D transmit digital signals S3A through 
S3D respectively, and frame configuration signal 32, as 
input, and output transmit baseband signals S4A through 
15 S4D in accordance with frame configuration signal S2. 

Serial/parallel conversion sections 503A through 
503D have transmit baseband signals S4A through S4D 
respectively as input, and output parallel signals S5A 
through S5D. Inverse Fourier transform sections (idft) 
20 504A through 504D have parallel signals S5A through S5D 
respectively as input, and output 

post- inverse- Fourier- trans form parallel signals S6A 
through S6D. Radio sections 505A through 505D have 
post-inverse-Fourier- trans form parallel signals S6A 
25 through S6D respectively as input, and output transmit 
signals S7A through S7D, 

Power amplification sections 506A through 506D have 
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transmit signals S7A through S7D respectively as input, 
and output amplified transmit signals S8A through S8D. 
These amplified transmit signals S8A through S8D are 
output as radio waves from antennas Tl through T4 
5 respectively, 

A frame configuration signal generation section 507 
has transmission method request information SIO and 
modulation method request information Sll as input, 
determines the transmission method and modulation method, 
10 and outputs frame configuration related information 
containing that information as frame configuration signal 
S2 . 

FIG. 15 shows the configuration of modulation 
sections 502A through 502D. As each of modulation 

15 sections 502A through 502D has a similar configuration, 
the configuration of modulation section 502A is shown 
in FIG. 15 as a representative configuration. 

A data symbol mapping section 510 has transmit 
digital signal S3A and frame configuration signal S2 as 

20 input, performs mapping based on the modulation method 
in the modulation method information contained in frame 
configuration signal S2, and outputs a data symbol 
transmit baseband signal S20. 

A transmission method information symbol mapping 

25 section 511 has frame configuration signal S2 as input, 
and outputs a transmission method information symbol 
transmit baseband signal S21 as a symbol indicating 
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transmission method and modulation method information 
contained in frame configuration signal S2 . 

A pilot symbol mapping section 512 has frame 
configuration signal S2 as input, performs mapping for 
5 generating a pilot symbol conforming to the transmission 
method based on transmission method information contained 
in frame configuration signal 32, and outputs a pilot 
symbol transmit baseband signal S22, 

A signal selection section 513 has data symbol 

10 transmit baseband signal S20, transmission method 
information symbol transmit baseband signal S21, pilot 
symbol transmit baseband signal S22, and frame 
configuration signal S2 as input, selects any one of data 
symbol transmit baseband signal S20, transmission method 

15 information symbol transmit baseband signal S21, or pilot 
symbol transmit baseband signal S22 in accordance with 
timing information contained in frame configuration 
signal S2 , and outputs the selected signal as transmit 
baseband signal S4A. 

20 FIG. 16 shows the configuration of pilot symbol 

mapping section 512. Pilot symbol mapping section 512 
has a two-transmitting-antenna pilot symbol generation 
section 520 and a f our- 1 ransmi tt ing-antenna pilot symbol 
generation section 521, to both of which frame 

25 configuration signal S2 is input. 

Two-transmitting-antenna pilot symbol generation 
section 520 generates a pilot symbol comprising the kind 
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of signal point arrangement shown by signal points 201 
and 202 in FIG. 6, for example, in accordance with frame 
configuration s ignal S2 , and outputs this as a pilot symbol 
baseband signal S30. On the other hand, 

5 f our- transmi tt ing-antenna pilot symbol generation 
section 521 generates a pilot symbol comprising the kind 
of signal point arrangement shown by signal points 401 
and 402 in FIG. 10, for example, in accordance with frame 
configuration signal S2, and outputs thisasapilot symbol 

10 baseband signal S31. A signal selection section 522 
selects one of pilot symbol baseband signals S30 and S31 
in accordance with transmit modulated signal number 
information contained in frame configuration signal S2, 
and outputs transmit baseband signal S22 . By this means, 

15 the pilot symbol transmit power can be changed according 
to the number of transmit modulated signals. 

FIG. 17 shows the configuration of a radio receiving 
apparatus 600 according to this embodiment. 

Radio sections 601A through 601D have received 

20 signals KIA through KID received by antennas Rl through 
R4 respectively, and a frequency offset estimation signal 
KIO, as input, perform frequency control and 
analog/digital conversion processing based on frequency 
offset estimation signal KIO, and output received 

25 baseband signals K2A through K2D. 

Fourier transform sections (dft) 602A through 602D 
have received baseband signals K2A through K2D 



respectively and a timing signal Kll as input, and output 
post- Fourier-trans form received baseband signals K3A 
through K3D. 

Channel estimation sections 603A through 603D for 
5 modulated signals A, B, and D have 

post-Fourier-transform received baseband signals K3A 
through K3D and timing signal Kll as input, and output 
channel estimation signals K4A through K4D. 

A demodulation, frequency offset estimation, and 

10 transmission method detection section 604 has 
post-Fourier-transform received baseband signals K3A 
through K3D and channel estimation signals K4A through 
K4D as input, estimates frequency offset and outputs 
frequency offset estimation signal KIO, and also 

15 identifies the transmission method and outputs received 
digital signals K5A through K5D corresponding to 
modulated signals A through D respectively by 
demodulating the data. 

A transmission method and modulation method 

20 determination section 605 has received digital signals 
K5A through K5D corresponding to modulated signals A 
through Das input , calculates the frame error rate, packet 
loss rate, bit error rate, and so forth, determines the 
transmission method and modulation method to be requested 

25 of the communicating party based on the calculation 
results, and outputs a request signal K12 . That is to 
say, request signal K12 comprises transmission method 
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request information SIO and modulation method request 
information Sll shown above in FIG. 14, of which 
transmission method request information SIO is 
information that indicates whether modulated signals A 
5 and B are to be transmitted from the two transmitting 
antennas Tl and T2, or modulated signals A through D are 
to be transmitted from the four transmitting antennas 
Tl through T4, and modulation method request information 
Sll is information indicating whether data symbols are 

10 to be modulated using the QPSK (Quadrature Phase Shift 
Keying) method or are to be modulated using the 16QAM 
(Quadrature Amplitude Modulation) method. 

A signal detection and synchronization section 606 
has received baseband signal K2A as input, performs signal 

15 detection based on signal detection symbol 101 (FIG.5A, 
FIG.5B, FIG.9A through FIG.9D) contained in received 
baseband signal K2A, and also performs time 
synchronization, and outputs timing signal Kll. 

FIG. 18 shows the configuration of radio sections 

20 601A through 601D. As each of radio sections 601A through 
601D has a similar configuration, the configuration of 
radio section 601A is shown in FIG. 18 as a representative 
configuration. 

A gain control section 610 has received signal KlA 

25 as input, and outputs a post-gain-control received signal 
K20. A quadrature demodulation section 611 has 
post-gain-control received signal K20 as input, and 
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outputs received quadrature baseband signal phase 
component K21 and quadrature component K22. 

An analog/digital conversion section 612 has 
received quadrature baseband signal phase component K21 
as input, and outputs a received quadrature baseband 
signal phase component digital signal K23. An 
analog/digital conversion section 613 has received 
quadrature baseband signal quadrature component K22 as 
input, and outputs a received quadrature baseband signal 
quadrature component digital signal K24, 

(3) Operation 

Next, the operation of radio transmitting apparatus 
500 configured as shown in FIG. 14 through FIG. 16, and 
radio receiving apparatus 600 configured as shown in 
FIG. 17 and FIG. 18, will be explained. 

Radio transmitting apparatus 500 switches between 
transmission of two modulated signals A and B using two 
transmitting antennas Tl and T2, and transmission of four 
modulated signals A through D using four transmitting 
antennas Tl through T4, according to transmission method 
request information SIO requested from radio receiving 
apparatus 600 (where radio transmitting apparatus 500 
receives transmission method request information SIO and 
modulation method request information Sll by means of 
a receiving section (not shown)). Specifically, 
transmission of two modulated signals A and B using two 
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transmitting antennas Tl and T2 is requested by 
transmission method request information SIO when the 
frame error rate, packet loss rate, bit error rate, and 
so forth of transmission method and modulation method 
determination section 605 in radio receiving apparatus 
600 are unsatisfactory, and transmission of four 
modulated signals A through D using four transmitting 
antennas Tl through T4 is requested when these rates are 
satis factory . 

Then the number of transmit modulated signals is 
set by frame configuration signal generation section 507 
and modulation sections 502A through 502D as modulated 
signal number setting section 11 (FIG. 3) according to 
transmission method request information SIO. 
Specifically, when two modulated signals A and B are 
transmitted using two transmitting antennas Tl and T2, 
based on frame configuration signal S2 generated by frame 
configuration signal generation section 507, modulation 
sections 502A and 502B operate, and modulation sections 
502C and 502D stop operating. On the other hand, when 
four modulated signals A through D are transmitted using 
four transmitting antennas Tl through T4, all of 
modulation sections 502A through 502D operate- 
When two modulated signals A and B are transmitted 
using two transmitting antennas Tl and T2, pilot symbol 
mapping section 512 as transmit power changing section 
12 (FIG. 3) selects pilot symbol baseband signal S30 
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obtained by means of two- t ransmitting-antenna pilot 
symbol generation section 520. On the other hand, when 
four modulated signals A through D are transmitted using 
four transmitting antennas Tl through T4, pilot symbol 
5 mapping section 512 selects pilot symbol baseband signal 
S31 obtained by means of f our-transmitt ing-antenna pilot 
symbol generation section 521. In this way, pilot symbol 
transmit power is changed in radio transmitting apparatus 
500 according to the number of transmit modulated signals . 

10 As a result, radio receiving apparatus 600 can 

receive received signals in which the data symbol 
composite signal operating range and the pilot signal 
operating range are approximately the same, as shown in 
FIG.12D and FIG.13D. Consequently, quantization error 

15 can be reduced when quantization is performed by 
analog/digital conversion sections 612 and 613 (FIG. 18) . 

The operation of radio sections 601A through 601D 
will now be described in detail. As shown in FIG. 18, radio 
section 601A ( 601B/601C/601D) adjusts the gain of 

20 received signal KIA ( KlB/KlC/Kl D ) by means of gain control 
section 610. However, at this time it is difficult to 
perform gain control in units of one frame (assuming one 
frame to comprise 100 symbols, for example). 

operating range of a composite signal of modulated 

25 signal A and modulated signal B is-256 to 256, as shown 
in FIG.12B. Then, when a pilot signal with an operating 
range of -128 to 128 is inserted, as shown in FIG.12C, 
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it is difficult to perform gain control so that the 
operating range of this pilot signal instantaneously 
becomes -256 to 256 as shown in FIG.12D. 

However, in this embodiment, as described above, 
5 when the composite signal operating range is -256 to 256, 
a pilot signal is transmitted with its signal point 
arrangement implemented so that the pilot signal 
operating range is of the same level as this, thereby 
enabling pilot symbols with approximately the same 
10 operating range as data symbols to be received. The same 
applies when four modulated signals A through D are 
transmitted using four transmitting antennas Tl through 
T4 . 

When the level of signals input to analog/digital 
15 conversion sections 612 and 613 is low, quantization error 
generally increases. For example, when the pilot signal 
operating range is small, as in FIG.12C and FIG.13C, pilot 
signal quantization error increases. Then, since 
channel estimation signals K4A through K4D are output 
20 by channel estimation sections 603A through 603D (FIG. 17) 
after performing channel estimation using the pilot 
signal, the precision of this estimation degrades due 
to the quantization error. Similarly, since 

demodulation, frequency offset estimation, and 
25 transmission method detection section 604 (FIG. 17) 
outputs frequency offset estimation signal KIO after 
estimating frequency offset using the pilot signal, the 
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precision of this estimation also degrades due to the 
quantization error. Data demodulation precision 

degrades due to the above-described degradation of 
estimation precision^ resulting in degradation of 
reception quality. 

In radio transmitting apparatus 500 of this 
embodiment/ the maximum signal point amplitude of each 
pilot signal is made larger than the maximum signal point 
amplitude of data symbols in order to suppress this 
degradation. In addition, the maximum signal point 
amplitude at time i when only modulated signal A is 
transmitted is made larger than the maximum signal point 
amplitude of a pilot symbol at other times. Furthermore, 
the pilot signal point arrangement when four modulated 
signals are transmitted from four transmitting antennas, 
and the pilot signal point arrangement when two modulated 
signals are transmitted from two transmitting antennas, 
are changed. 

Here, assuming that the data symbol modulation 
method is QPSK, for example, changing the pilot symbol 
signal point arrangement is equivalent to changing the 
ratio of the pilot symbol signal point amplitude to the 
QPSK signal point amplitude, or changing the ratio of 
the pilot symbol signal point amplitude to the maximum 
signal point amplitude of the modulation method. By this 
means, the ratio of data symbol transmit power to pilot 
symbol transmit power can be changed according to the 
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number of transmit modulated signals. 

Signal point amplitude means the distance between 
the origin and a signal point in the in-phase I - quadrature 
Q plane^ and increasing the pilot symbol signal point 
5 amplitude means increasing the ratio of the pilot symbol 
signal point amplitude to the maximum signal point 
amplitude of the modulation method. 



(4) Effects 

10 Thus, according to this embodiment, in a system in 

which the number of simultaneously transmitted modulated 
signals is varied, pilot symbol quantization error on 
the receiving side can be reduced by adjusting the signal 
level of a pilot symbol so as to match the data symbol 

15 composite signal level according to the number of 
modulated signals transmitted. As a result, the 
precision of radio wave propagation environment 
estimation, time synchronization, and frequency offset 
estimation using pilot symbols improves , and consequently 

20 data reception quality improves. 



(Embodiment 2) 

A particular feature, of this embodiment is that, 
when the number of antennas that transmit modulated 
25 signals (that is, the number of modulated signals ) changes, 
the average transmit power of each modulated signal is 
changed. By this means, it is possible to reduce the 
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quantization error of each modulated signal especially 
immediately after the number of transmitting antennas 
is switched . 

(1) Principle 

First, the principle of this embodiment will be 
explained . 

FIG. 19 and FIG. 20 show variation of a general receive 
waveform when the number of modulated signals transmitted 
from a plurality of antennas is switched. FIG. 19 shows 
a case in which the number of modulated signals transmitted 
(that is, the number of transmitting antennas) is switched 
from two to four, and FIG. 20 shows a case in which the 
number of modulated signals transmitted (the number of 
transmitting antennas) is switched from four to two. As 
is clear from FIG. 19, when switching is performed so that 
the number of modulated signals increases, since the 
number of combined modulated signals also increases, the 
received signal operating range increases after switching 
of the number of antennas. Conversely, as is clear from 
FIG. 20, when switching is performed so that the number 
of modulated signals decreases, since the number of 
combined modulated signals also decreases, the received 
signal operating range decreases after switching of the 
number of antennas. 

In this embodiment , consider ing this point , transmit 
power control is performed so that the modulated signal 
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composite signal level immediately after switching of 
the number of antennas is made approximately equal to 
the modulated signal composite signal level before 
switching of the number of antennas . A radio transmitting 
5 apparatus generally performs closed-loop transmit power 
control or the like that controls transmit power using 
a TPC (Transmit Power Control) bit sent from the 
communicating station, and therefore when the number of 
transmitting antennas is switched and the modulated 

10 signal composite signal level changes, the modulated 
signal transmit power is controlled so that the composite 
signal level varies within the desired operating range. 
Also, gain adjustment is performed by a receiving-side 
gain control section so that the composite signal level 

15 varies within the desired operating range . However, with 
the above-described transmit power control and received 
signal gain control, a certain response time is necessary 
for the received signal level to be converged within the 
desired operating range, 

20 Thus, in this embodiment, the modulated signal 

composite signal level immediately after switching of 
the number of antennas is forcibly changed immediately 
after switching of the number of antennas so as to become 
approximately equal to the modulated signal composite 

25 signal level before switching of the number of antennas, 
FIG.21A and FIG.21B show a schematic representation 
of transmit power control of modulated signals A through 
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D according to this embodiment when switching is performed 
from a state in which two modulated signals A and B are 
transmitted using two transmitting antennas Tl and T2, 
to a state in which four modulated signals A through D 
are transmitted using four transmitting antennas Tl 
through T4. Initially, as shown in FIG-21A, modulated 
signal A with average transmit power of 1.0 W is being 
transmitted from antenna Tl^ and modulated signal B with 
average transmit power of 1.0 W is being transmitted from 
antenna T2 . Then switching is performed from the 
transmission method in which two modulated signals A and 
B are transmitted using two transmitting antennas Tl and 
T2, to a transmission method in which four modulated 
signals A through D are transmitted using four 
transmitting antennas Tl through T4 . At this time, 
modulated signals A through D with average transmit power 
of 0.5 W are transmitted from transmitting antennas Tl 
through T4 respectively. By this means, the composite 
signal level of modulated signals A through D immediately 
after switching of the number of antennas can be made 
equal to the composite signal level of modulated signals 
A and B before switching of the number of antennas, as 
shown in FIG . 22 . 

FIG.23A and FIG.23B show a schematic representation 
of transmit power control of modulated signals A through 
D according to this embodiment when switching is performed 
from a state in which four modulated signals A through 
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D are transmitted using four transmitting antennas Tl 
through T4, to a state in which two modulated signals 
A and B are transmitted using two transmitting antennas 
Tl and T2 . Initially, as shown in FIG.23A, modulated 
5 signals A through D with average transmit power of 0.5 
W are being transmitted from transmitting antennas Tl 
through T4 respectively. Then switching is performed 
from the transmission method in which four modulated 
signals A through D are transmitted using four 

10 transmitting antennas Tl through T4, to a transmission 
method in which two modulated signals A and B are 
transmitted using two transmitting antennas Tl and T2 . 
At this time, modulated signals A and B with average 
transmit power of 1.0 W are transmitted from antennas 

15 Tl and T2 respectively. By this means, the composite 
signal level of modulated signals A and B immediately 
after switching of the number of antennas can be made 
equal to the composite signal level of modulated signals 
A through D before switching of the number of antennas, 

20 as shown in FIG. 24. 

Moreover, in this embodiment, in addition to 
controlling the modulated signal transmit power so that 
the composite signal level of modulated signals 
transmitted immediately after switching of the number 

25 of antennas becomes the same as the composite signal level 
of modulated signals transmitted before switching of the 
number of antennas, after switching of the number of 



antennas the transmit level of each modulated signal is 
gradually restored to the transmit level of each modulated 
signal before switching of the number of antennas. By 
this means, the precision of modulated signal 
5 demodulation can be further improved. 

This transmit power control will now be explained 
using FIG. 25 and FIG. 26. FIG. 25 shows an example of 
transmit power control of modulated signals A through 
D when switching is performed from a state in which two 
10 modulated signals A and B are transmitted using two 
transmitting antennas Tl and T2, to a state in which four 
modulated signals A through D are transmitted using four 
transmitting antennas TlthroughT4. As showninFIG.25, 
immediately after the number of antennas is switched the 
15 average transmit power of transmit signals transmitted 
from antennas Tl through T4 is changed to 0.5 W. Then, 
as time passes, the average transmit power is changed 
to 0.75 W and 1.0 W . 

The power amplifier used to amplify the average 
20 transmit power of modulated signals A through D is a 
transmit power amplifier in which distortion does not 
occur in the frequency spectrum, as illustrated in FIG.27A, 
even though the average transmit power of modulated 
signals A through D is made 1 W. Thus, in both the case 
25 where the number of modulated signals transmitted is two 
and the case where the number of modulated signals 
transmitted is four, even when the average transmit power 
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is made 1 W a frequency spectrum in which distortion occurs 
as shown in FIG.27B is not produced, and a frequency 
spectrum in which distortion does not occur as shown in 
FIG.27A can be obtained. 
5 FIG. 26 shows an example of transmit power control 

of modulated signals A through D when switching is 
performed from a state in which four modulated signals 
A through D are transmitted using four transmitting 
antennas Tl through T4, to a state in which two modulated 

10 signals A and B are transmitted using two transmitting 
antennas Tl and T2. As shown in FIG . 2 6 , immediately after 
the number of antennas is switched the average transmit 
power of transmit signals transmitted from antennas Tl 
and T2 is changed to 1.0 W. Then, as time passes, the 

15 average transmit power is changed to 0.75 W and 0.5 W. 

Abruptly lowering the average transmit power of each 
modulated signal immediately after the number of 
transmitting antennas is increased, and then restoring 
the average transmit power of each modulated signal to 

20 its pre-swi t ching level over time, as shown in FIG. 25, 
are done so that the average transmit power before 
switching is subjected to transmit power control that 
enables a good SIR (Signal to Interference Ratio) to be 
obtained by the receiving apparatus, and restoring the 

25 average transmit power improves the reception quality 
of each modulated signal. Also, taking the power 
consumption and distortion of the power amplifier into 



consideration, it is better to set appropriate average 
power. Therefore, the average transmit power is better 
to be restored to the original average transmit power. 
Abruptly raising the average transmit power of each 
5 modulated signal immediately after the number of antennas 
is decreased, and then restoring the average transmit 
power of each modulated signal to its pre-switching level 
over time, as shown in FIG. 26, are also done for the same 
reason . 

10 When the abruptly lowered average transmit power 

of each modulated signal is restored to its original level 
in this way, by carrying out the restoration gradually 
over a certain period of time, the gain control section 
of the receiving apparatus is able to keep up with this 

15 process, and the post-gain-control signal can be 
accommodated within the operating range of the 
analog/digital conversion section. Also, when the 
abruptly raised average transmit power of each modulated 
signal is restored to its original level, by carrying 

20 out the restoration gradually over a certain period of 
time, the gain control section of the receiving apparatus 
is able to keep up with this process, and the 
post-gain-control signal can be raised to a level at which 
quantization error does not occur in the analog/digital 

25 conversion section. That is to say, the speed at which 
the average transmit power of each modulated signal 
abruptly lowered or abruptly raised at the same time as 
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switching of the number of antennas is restored to its 
original level should be selected according to the 
operating speed of the gain control section. 



5 (2) Configuration 

FIG. 28, in which parts corresponding to those in 
FIG. 14 are assigned the same codes as in FIG. 14, shows 
the configuration of a radio transmitting apparatus 700 
according to this embodiment. Descriptions of parts 

10 corresponding to those in FIG. 14 are omitted here. 

Gain control sections 701A through VOID have 
transmit signals S7A through S7D respectively, and frame 
configuration signal S2, as input, detect information 
on switching of the transmission method from transmission 

15 method information contained in frame configuration 
signal S2, and when the transmission method is switched, 
perform gain control and output post-gain-control 
transmit signals SlOA through SIOD. 

That is to say, in this embodiment, gain control 

20 sections 701A through 701D function as transmission power 
changing section 12 in FIG. 3, and change the average 
transmit power of each modulated signal according to the 
number of transmit modulated signals. Actually, as 
described above, the average transmit power of each 

25 modulated signal is abruptly lowered at the same time 
when the number of transmit modulated signals increases, 
and is abruptly raised at the same time when the number 
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of transmit modulated signals decreases. 

(3) Operation 

Next, the operation of radio transmitting apparatus 
5 700 configured as shown in FIG. 28 will be explained. 

The procedures and operations whereby radio 
receiving apparatus 600 shown in FIG. 17 issues a 
transmission method change request to radio transmitting 
apparatus 700 in FIG. 28, and radio transmitting apparatus 
10 700inFIG.28 switches the transmission method are similar 
to those in the description of Embodiment 1. 

Gain control sections 701A through 701D have 
transmit signals S7A through S7D respectively, and frame 
configuration signal S2, as input, detect information 
15 on switching of the transmission method from transmission 
method information contained in frame configuration 
signal 32, and when the transmission method is switched, 
perform gain control and output post-gain-control 
transmit signals SlOA through SIOD. 
20 At this time, the amplified gain is a coefficient 

that gives average transmit power such as shown in FIG. 21A, 
FIG.21B, and FIG. 22. Gain control may also be performed 
that gradually restores the average transmit power to 
its original level after switching of the transmission 
25 method, as shown in FIG. 25 and FIG. 26. 

The operating range of radio sections 601A through 
601D in radio receiving apparatus 600 shown in FIG. 17, 
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and more specifically ana log /digital conversion sections 
612 and 613 in FIG . 18-assuming the use of a 14-bit 
analog/digital converter by analog/digital conversion 
sections 612 and 613, for example is -8192 to 8192, Gain 
5 control section 610 performs received signal gain control 
so that the level of post-gain-control received signal 
K20 is within this operating range. This is the reason 
why the operating range of the composite signal of 
modulated signals prior to switching of the number of 

10 transmitting antennas shown in FIG. 19 and FIG,20 just 
fits into the range -8192 to 8192. 

However, immediately after switching of the number 
of transmitting antennas, gain control section 610 cannot 
keep up with the level fluctuation of the modulated signal 

15 composite signal, and gain control such that the composite 
signal operating range just fits into the range -8192 
to 8192 cannot be performed. Assuming, for example, that 
each modulated signal is transmitted at the same average 
transmit power before and after switching of the number 

20 of transmitting antennas, when the number of transmitting 
antennas (that is, the number of transmit modulated 
•signals) is increased from two to four, the operating 
range of the composite signal of the four modulated signals 
after switching of the number of transmitting antennas 

25 becomes -32768 to 32768 as shown in FIG. 19 and exceeds 
the -8192 to 8192 operating range of analog/digital 
conversion sections 612 and 6 13 , resulting in occurrence 



of quantization error. Similarly, when the number of 
transmitting antennas (that is, the number of transmit 
modulated signals) is decreased from four to two, the 
operating range of the composite signal of the two 
5 modulated signals after switching of the number of 
transmitting antennas becomes -256 to 256 as shown in 
FIG. 20, considerably smaller than the -8192 to 8192 
operating range of analog/digital conversion sections 
612 and 613, and quantization error occurs. 

10 However, with the above-described configuration of 

this embodiment, since the average transmit power of each 
modulated signal is abruptly lowered when the number of 
transmit modulated signals increases, and abruptly raised 
when the number of transmit modulated signals decreases, 

15 the modulated signal composite signal level immediately 
after switching of the number of antennas can be adjusted 
to the -8192 to 8192 operating range of analog/digital 
conversion sections 612 and 613 independently of gain 
control section 610 as shown in FIG. 23 and FIG. 24. 

20 As a result, quantization error of analog/digital 

conversion sections 612 and 613 after switching of the 
number of transmit modulated signals is performed can 
be reduced. Therefore, frequency offset estimation 
precision, channel estimation precision, and 

25 demodulation precision can be secured, making it possible 
to prevent degradation of data reception quality 
immediately after switching of the number of modulated 
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signals is performed. 
(4) Effects 

Thus, according to this embodiment, in a system in 
5 which the number of simultaneously transmitted modulated 
signals is varied, quantization error occurring when 
analog/digital conversion of a received signal is 
performed can be reduced by switching the average transmit 
power of each modulated signal according to the number 
10 of transmit modulated signals when the number of modulated 
signals transmitted is switched, enabling reception 
quality to be improved. 

(Embodiment 3 ) 

15 In this embodiment, a specific example will be 

described of a case in which the method whereby pilot 
symbol and modulated signal transmit power is changed 
according to the number of antennas that simultaneously 
transmit modulated signals (the number of modulated 

20 signals) described in Embodiments 1 and 2 is applied to 
an actual radio system. Specifically, in this embodiment, 
a method is described whereby gain control is stabilized 
by lengthening the gain control time of AGC (Automatic 
Gain Control) in a receiving apparatus. 

25 In a typical receiving apparatus, when input of a 

signal to the receiving apparatus is detected, AGC is 
performed in accordance with the input signal level so 
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s 

that the received signal is within the dynamic range of 
the A/D converter that performs analog /digital conversion . 
There are two possible methods of stabilizing gain control 
by means of AGC, as follows: 
5 (i) Stabilizing the dynamic range of a signal input to 
the receiving apparatus 

(ii) Lengthening the time for gain control 

It was shown in Embodiments 1 and 2 that method (i) can 

be implemented by increasing the transmit power of pilot 

10 symbols contained in modulated signals, or forcibly 
changing the transmit power of modulated signals. Inthis 
embodiment, a pilot symbol transmit power changing method 
is described that enables (ii) also to be implemented 
while implementing (i). 

15 As a MIMO system according to this embodiment, the 

case shown in FIG. 8 will be described in which modulated 
signal A, modulated signal B, modulated signal C, and 
modulated signal D are simultaneously transmitted from 
four antennas Tl, T2, T3, and T4 respectively, signals 

20 in which modulated signals A, B, C, and D are combined 
are received by four antennas Rl, R2 , R3, and R4, and 
these signals are separated and demodulated. 

To compare this embodiment with Embodiment 1, 1 ) 
Principle" of Embodiment 1 and (4) Effects'' of Embodiment 

25 1 are different, but ''(2) Configuration" of Embodiment 
1 and ^M3) Operation" of Embodiment 1 are the same as 
described in Embodiment 1, and therefore descriptions 
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of 2 ) Configuration "of Embodiment 1 and ( 3 ) Operation " 
of Embodiment 1 are omitted here. 

It is necessary for 4x4=16 channel fluctuations 
hll(t), h21(t), h31(t), h41(t), h44(t) shown in 

5 FIG. 8 to be estimated and demodulated on the receiving 
side. It is therefore necessary for pilot symbols such 
as symbols for signal detection, control symbols for 
frequency offset estimation and time synchronization, 
transmission method information symbols, and radio wave 

10 propagation environment estimation symbols, to be 
provided in modulated signals A, B, C, and D. Here, time 
synchronization can be achieved using the correlation 
of signal detection symbols, frequency offset estimation 
symbols, guard intervals , and so forth, and will therefore 

15 not be included in the following description. 

FIG.29A through FIG.29D show sample frame 
configurations of modulated signals A, B, C, and D. As 
an example, FIG.29A through FIG.29D show frame 
configurations on t ime- f requency axes when modulated 

20 signalsA, B, C, and D a r e OFDM s igna 1 s . In FIG . 2 9A through 
FIG.29D, reference code 2701 denotes a symbol for signal 
detection (corresponding to 101 in FIG. 9A through FIG. 9D) , 
reference code 2702 denotes a symbol for gain control 
(corresponding to 102 in FIG.9A through FIG.9D), 

25 reference code 2703 denotes a symbol for frequency offset 
estimation (corresponding to 102 in FIG.9A through 
FIG-9D), reference code 2704 denotes a transmission 



method information symbol (corresponding to 103 in FIG. 9A 
through FIG.9D) , reference code 2705 denotes a radio wave 
propagation environment estimation symbol 

(corresponding to 104 in FIG.9A through FIG.9D), and 
5 reference code 2706 denotes a data symbol (corresponding 
to 105 in FIG.9A through FIG.9D). 

Of the pilot symbols, signal detection symbol 2701, 
gain control symbol 2702, frequency offset estimation 
symbol 2703, and transmission method information symbol 

10 2704 exist only in modulated signal A (that is to say, 
are non-multiplexed symbols), and have a configuration 
whereby communication is performed . The characteristics 
of this configuration are described below. 

When frequency offset is estimated on the receiving 

15 side, if frequency offset estimation symbols 2703 are 
transmitted from a plurality of transmitting antennas 
(at least two of Tl, T2, T3, and T4), these frequency 
offset estimation symbols 2703 are received in 
multiplexed form by four receiving antennas Rl, R2 , R3, 

20 and R4 . In this case, the necessity arises of performing 
channel estimation accurately and separating the received 
signals . 

On the other hand, when frequency offset estimation 
symbol 2703 is transmitted only from transmitting antenna 
25 Tl, as in the case of modulated signal A in FIG.29A, it 
is not necessary for received signals to be separated 
by the receiving apparatus. This enables frequency 
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offset estimation to be performed more simply and more 
accurately . 

For the same reason, transmissionmethod information 
symbol 2704 is also transmitted only from one transmitting 
antenna, Tl. At this time, gain control is performed 
using gain control symbol 2 7 02 , and the quantization error 
of frequency offset estimation symbol 2703 and 
transmission method information symbol 2704 is small. 

On the other hand, transmission of radio wave 
propagation environment estimation symbol 2705 is 
performed from each of transmitting antennas Tl, T2, T3, 
and T4 . This is because it is necessary to estimate the 
4x4= 16 channel fluctuations shown in FIG- 8. 

Next, a method of (i) stabilizing the dynamic range 
of a signal input to the receiving apparatus" and ''Mii) 
lengthening the gain control time" using pilot symbols 
according to this embodiment will be described, together 
with its effects. 

A method of increasing pilot symbol power in order 
to stabilize the dynamic range of signals input to a 
receiving apparatus has been described in Embodiment 1 . 
Application of this method to modulated signals A, B, 
C, and D in FIG.29A through FIG.29D will be considered. 

FIG. 30 shows an example of waveforms of modulated 
signals on the time axis when modulated signals A, B, 
C, and D shown in FIG. 2 9A through FIG. 2 9D are transmitted. 
Waveforms relating to modulated signals A through D shown 
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in FIG. 30 are modulated signal A, B, and D pilot symbol 
and data symbol waveforms . The composite signal in FIG . 30 
shows the waveform of the composite signal of modulated 
signals A, B, and D, Here, time i of the composite 

5 signal is the time corresponding to time i at which each 
symbol is transmitted . 

As shown in FIG. 30, the operating range of pilot 
symbols and data symbols of modulated signals A, B, C, 
and D is assumed to be -64 to 64, for example. Then, as 

10 shown in the figure, the signal combining the four 
modulated signals A, B, C, and D has an operating range 
of -64 to 64 from time i to time i + 3 (when only modulated 
signal A is transmitted) , and has an operating range of 
-256 to 256 from time 1+4 to time i+7 (when modulated 

15 signals A, B, C, and D are transmitted) , These values 
are not exact, but the operating range from time i + 4 to 
time i+7 is larger than the operating range from time 
i to time i + 3. Here, the ratio of the composite signal 
operating range to the operating range of each modulated 

20 signal when four modulated signals are transmitted by 
four transmitting antennas is assumed to be 4. In this 
embodiment, the ratio of the operating range from time 
i to time i + 3 (when only modulated signal A is transmitted) 
to the operating range from time i + 4 to time i + 7 (when 

25 modulated signals A, B, C, and D are transmitted) is 
considered, and ^'(ii) lengthening the gain control time" 
above is implemented by making this ratio approach 1. 
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In the radio communication illustrated in FIG. 30, 
communication can be performed with time i to time i+3 
(when only modulated signal A is transmitted) and time 
i+4 to time i+7 (when modulated signals A, and D 

5 are transmitted) considered independently. 

In time i to time i + 3, after a signal is detected 
in time i, the operating range of gain control symbol 
27 02 (time i + 1) is set in line with the operating ranges 
of frequency offset estimation symbol 2703 (time i-f2) 
10 and transmission method information symbol 2704 (time 
i+3) on the receiving side. For example, transmission 
is performed with the operating ranges of the three symbols 
2702 , 2703, and 2704 made the same (-64 to 64) as shown 
in FIG. 30. 

15 Considering time i+4 onward separately from the 

period up to and including time i + 3, the operating range 
of gain control symbol 2702 (time i+4) is set in line 
with the operating ranges of radio wave propagation 
environment estimation symbol 2705 (time i+5) and data 

20 symbols 2706 (time i + 6 and time i + 7) so that the operating 
ranges of the composite signal on the receiving side become 
equal. For example, the operating ranges of modulated 
signals A, B, C, and D are made equal (-64 to 64) as shown 
in FIG. 30. At this time, AGC for symbols from time i + 5 

25 onward is performed using gain control symbol 2702 in 
time i + 4, and therefore it is desirable to lengthen the 
time of gain control symbol 2702 in order to perform stable 



AGC . However, the longer the time allocated to gain 
control symbol 2702, the greater is the decline in data 
transmission efficiency. 

Also, as explained in Embodiment 1 using FIG.13A 
5 through FIG.13D, when the composite signal shown in FIG . 30 
changes from time 1+3 to time i+4, the operating range 
fluctuates greatly, and therefore quantization error in 
the A/D conversion section of the receiving apparatus 
increases, and modulated signal A, B, C, and D data symbol 

10 separation precision and demodulation precision fall. 
As a response to the problem of ^^the operating range 
fluctuating greatly" mentioned here, a method was 
described in Embodiment 1 whereby ^^pilot symbol 
quantization error on the receiving side can be reduced 

15 by adjusting the signal level of a pilot symbol so as 
to match the data symbol composite signal level according 
to the number of modulated signals transmitted.'' 

Thus, as a method of reducing quantization error 
and lengthening the AGC gain control time using the method 

20 in Embodiment 1, the ratio of the operating range when 
only modulated signal A is transmitted (from time i to 
time i+3) to the operating range when modulated signals 
A, B, C, and D are transmitted (from time i+4 to time 
i + 7) is made to approach 1. By this means, symbols in 

25 a period in which only modulated signal A is transmitted 
can also be used in AGC gain control , and^Mii) lengthening 
the gain control time" above can be achieved. 
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FIG. 31 shows an example of waveforms of modulated 
signals on the time axis when the transmit power of pilot 
symbols in a period in which only modulated signal A is 
transmitted (from time i to time i+3) is made greater 
5 than the transmit power of symbols in a period in which 
modulated signals A, B, and D are transmitted (from 

time i+4 to time i+7) . 

Waveforms relating to modulated signals A through 
D shown in FIG.Sl are modulated signal A, B, and D 

10 pilot symbol and data symbol waveforms- The composite 
signal in FIG. 31 shows the waveform of the composite signal 
of modulated signalsA, C , andD. Here^ t ime i in FIG. 31 
is a time corresponding to transmission time i. As shown 
in FIG. 31, the pilot symbol operating range when only 

15 modulated signal A is transmitted (from time i to time 
i + 3) is assumed to be-256 to 256, for example, and the 
symbol operating range when modulated signals A, B, C, 
and D are transmitted ( from time i + 4 to time i + 7 ) is assumed 
to be -64 to 64, for example. 

20 Then, as shown in the figure, the composite signal 

has an operating range of -256 to 256 when only modulated 
signal A is transmitted (from time i to time i+3), and 
also has an operating range of -256 to 256 when modulated 
signals A, B, C, and D are transmitted (from time i+4 

25 to time i + 7) , and thus the ratio of the above two operating 
ranges is 1. This value is not exact, but, in comparison 
with FIG. 30, the ratio of the above two operating ranges 
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approaches 1 . 

Appropriately changing the pilot symbol transmit 
power when only modulated signal A is transmitted (when 
transmitting from only one antenna) in this way so that 
5 the composite signal operating range is stabilized 
enables the time taken for AGC gain control to be lengthened, 
and quantization error in the A/D conversion section of 
the receiving apparatus to be reduced. As a result, the 
data symbol separation precision and reception quality 

10 of modulated signals A, B, C, and D improve. 

Also, at this time, the transmit power of signal 
detection symbol 2701 (time i), gain control symbol 2702 
(time i + 1) , frequency offset estimation symbol 2703 (time 
i+2), and transmission method information symbol 2704 

15 (time i + 3) transmitted from only one antenna is greater 
than the transmit power of signal detection symbol 2701 
(time i) , gain control symbol 2702 (time i + 1) , frequency 
offset estimation symbol 2703 (time i+2), and 
transmission method information symbol 2704 (time i+3) 

20 contained in modulated signal A in FIG. 30, enabling the 
estimation precision of these four symbols 2701 through 
2704 to be improved and quantization error to be reduced. 

Thus, according to this embodiment, in a system in 
which the number of simultaneously transmitted modulated 

25 signals is varied, the time taken for AGC gain control 
can be lengthened, and quantization error in the A/D 
conversion section can be reduced, by adjusting the 
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modulated signal level when transmitting only one 
modulated signal so as to match the composite signal level 
in the receiving apparatus according to the number of 
modulated signals transmitted. As a result, radio wave 
propagation environment estimation precision and data 
reception quality improve. Moreover, the transmit power 
of pilot symbols contained in a modulated signal when 
only one modulated signal is transmitted also increases 
at this time, and therefore the precision of frequency 
offset estimation and transmission method information 
estimation using pilot symbols improves, and data 
reception quality improves. 

(Embodiment 4) 

15 In this embodiment, descriptions are given relating 

to the method whereby pilot symbol and modulated signal 
transmit power is changed according to the number of 
antennas that simultaneously transmit modulated signals 
(the number of modulated signals) described in 

20 Embodiments 1,2, and 3, and relating to the pilot symbol 
signal point arrangement method. Specifically, in this 
embodiment, a method is described whereby the PAPR is 
reduced on the receiving side, and the receiving- s ide 
dynamic range can be stabilized, by changing the signal 

25 point arrangement of gain control symbols among the pilot 
symbols for each transmitting antenna. 

In this embodiment, a new signal point arrangement 
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method is described for the signal point arrangement of 
modulated signals described in Embodiment 1 using FIG. 6 
and FIG. 10. Other details are the same as in Embodiments 
1,2, and 3, and descriptions thereof are omitted here. 
5 First, the case in which there are two transmitting 

antennas will be described. In Embodiment 1, a BPSK 
modulated signal is used for pilot symbols as shown in 
FIG. 6. The reason for using BPSK modulation here is that 
it is a modulation method with the simplest processing 

10 and a low error rate. This is an effective modulation 
method for symbols whose data is different in every 
transmission, such as transmission method information 
symbol 2704 described in Embodiment 3 (shown in FIG.29A 
through FIG. 29D) . 

15 However, a case will be considered in which BPSK 

modulation is applied to gain control symbol 2702 
described in Embodiment 3 (shown in FIG.29A through 
FIG.29D). Since gain control symbol 2702 is a symbol 
whose purpose is gain control, it may always be sent with 

20 the same pattern in every transmission. Therefore, a 
transmission pattern for each modulated signal should 
be decided on that enables gain control to be performed 
easily . 

FIG. 32 shows an example of signal point arrangements 
25 in the in-phase I - quadrature Q plane of each symbol 
of subcarrier k ( k = 1 , . . . , N, where N is the number 
of FFT points) when modulated signals A and B are OFDM 
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signals, and the signal point arrangement of a composite 
signal in which modulated signals A and B are received. 
The figure shows a case in which the effect of noise is 
not considered and channel estimation is assumed to be 
5 performed ideally. 

In FIG. 32, modulated signals A and B use the same 
signal point arrangement for both amplitude and phase. 
Looking at the composite signal in FIG. 32, there are two 
points with large signal point amplitude, their amplitude 
10 being 4 ( the two point s (4.0,0.0) and (-4.0,0.0)). There 
are also two points with small signal point amplitude, 
their amplitude being 0 (the two points overlapping at 
(0.0,0.0) ) . The dynamic range evaluated by amplitude is 
thus 4 . 

15 On the other hand, FIG. 33 shows the signal point 

arrangement of modulated signal B with the amplitude 
unchanged and only the phase rotated through 9 0°. Looking 
at the signal point arrangement of the composite signal 
at this time, it can be seen that the amplitude of all 

20 four points is 2V2 ( approximately 2.8), the dynamic range 
evaluated by amplitude is 2.8, and the PAPR is small. 

By changing the signal point arrangement for each 
modulated signal in this way, the PAPR can be made smaller, 
and gain control can be performed more easily, than when 

25 such changes are not made. 

FIG. 34 and FIG. 35 show examples of signal point 
arrangements in the in-phase I - quadrature Q plane of 



each symbol of subcarrier k (k = 1, . . , , N, where N is 
the number of FFT points) when four modulated signals 
A through D are OFDM signals, and the signal point 
arrangement of a composite signal in which modulated 
5 signals A, B, C, and D are received. The figures show 
cases in which the effect of noise is not considered and 
channel estimation is assumed to be performed ideally. 
FIG. 34 shows a case in which modulated signals A, 
C, and D are transmitted using the same signal point 

10 arrangement, and FIG- 35 shows a case in which modulated 
signals A, B, C, and D are transmitted using different 
signal point arrangements- In FIG. 34 the dynamic range 
evaluated by the amplitude of the composite signal is 
16, while in FIG. 35 the dynamic range evaluated by the 

15 amplitude of the composite signal is held down to 4^/2 
(approximately 5.6) . When a method is used whereby the 
signal point arrangement is changed for each modulated 
signal in gain control symbols in this way, an effect 
is obtained of further stabilizing the dynamic range as 

20 the number of modulated signals increases. 

In this embodiment, a description has been given 
using the two patterns shown in FIG. 33 as modulated signal 
patterns, but the present invention is not limited to 
these patterns, and it is only necessary for the pattern 

25 to be changed for each modulated signal so that the PAPR 
decreases in the composite signal. Thus, transmission 
can be performed by means of BPSK signals that do not 



have a 180° phase difference, as shown in FIG. 36. 
Comparing the composite signal in this case with the 
composite signals in FIG. 32 and FIG. 36, it can be seen 
that points with an amplitude of 4 {(4.0,0.0) and 
5 (-4.0,0.0)) are made approximately 3.7 ((3.4,1.4) and 
(-3.4,1.4)), and the dynamic range can be made smaller. 

Also, in thi s embodiment , a me thod has been described 
whereby a BPSK modulation signal point arrangement is 
changed for gain control symbols. To repeat what has 

10 already been stated, since gain control symbols are 
symbols whose purpose is gain control, the error rate 
in demodulating the symbols is totally irrelevant. 
Considering this point, it can be said that the same kind 
of PAPR reduction effect can be obtained, and the dynamic 

15 range can be reduced, by using M-ary modulation for each 
modulated signal and performing transmission using a 
different transmission pattern for each modulated signal . 
In this case a modulation method without amplitude 
variation, such as PSK modulation, for example, is 

20 suitable for M-ary modulation, and the higher the M-ary 
value (8PSK - 16PSK 32PSK . . . ) , the more random is the 
phase in each modulated signal, enabling the dynamic range 
to be made smaller. Therefore, an M-ary value should 
be selected that gives the desired dynamic range. 

25 Thus, according to this embodiment, in a system in 

which the number of simultaneously transmitted modulated 
signals is varied, a PAPR reduction effect can be obtained. 



the dynamic range can be made smaller, and quantization 
error in the A/D conversion section can be reduced, by 
using a different signal point arrangement in each 
modulated signal for gain control symbols . 

5 

(Other Embodiments ) 

In the above embodiments, cases have been described 
in which the frame configurations of modulated signals 
A through D are as shown in FIG.5A, FIG.5B, FIG.9A through 

10 FIG,9D, and FIG . 2 9A through FIG . 29D, but modulated signal 
frame configurations are not limited to these examples • 
Also, in the above embodiments, cases have been 
described in which frame configuration signal generation 
section 507 and modulation sections 502A through 502D 

15 are used as modulated signal number setting section 11, 
and the number of transmit modulated signals is set in 
accordance with transmission method request information 
SIO, but the present invention is not limited to this 
arrangement, and the number of transmit modulated signals 

20 may also be set by the station itself. For example, it 
is possible to set a larger number of transmit modulated 
signals when there is a large amount of data to be sent, 
and a smaller number of transmit modulated signals when 
there is a small amount of data to be sent. The essential 

25 point is that it should be possible to set the number 
of modulated signals transmitted using a plurality of 
antennas . 
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In above-described Embodiment 1, a case has been 
described in which pilot symbol mapping section 512 such 
as shown in FIG. 16 is used as transmission power changing 
section 12, but a transmission power changing section 
5 of the present invention is not limited to this case, 
and the essential point is that it should be possible 
to change the ratio of data symbol transmit power to pilot 
symbol transmit power according to the number of transmit 
modulated s ignals . 

10 In above-described Embodiment 2, a case has been 

described in which gain control sections 701A through 
701D (FIG. 28) are used as transmission power changing 
section 12, but a transmission power changing section 
of the present invention is not limited to this case, 

15 and the essential point is that it should be possible 
to change the transmit power of each modulated signal 
at the same time as the number of transmit modulated signals 
is switched. 

In the above-described embodiments, cases have been 
20 described in which, in a radio transmitting apparatus 
equipped with four transmitting antennas Tl through T4, 
the number of antennas (the number of transmit modulated 
signals) is switched between two and four, or between 
one and four, but the present invention is not limited 
25 to these cases, and can be widely applied to the 
transmission of n modulated signals by n transmitting 
antennas . Furthermore, it is not necessary for the number 



of transmitting antennas and the number of modulated 
signals transmitted to be the same, and it is also possible 
to make the number of transmitting antennas larger than 
the number of transmit modulated signals, select 
transmitting antennas, and transmit modulated signals 
from the selected transmitting antennas . Also, a single 
antenna section may be formed by a plurality of antennas . 

In the above embodiments, a radio transmitting 
apparatus that performs OFDM has been described by way 
of example, but the present invention is not limited to 
this case, and can be similarly implemented using a 
multicast system or single-carrier system. Furthermore , 
a spread spectrum communication system may also be used. 
In particular, the present invention can be similarly 
implemented by application to a system combining an OFDM 
system and spread spectrum system. 

Coding has not been particularly touched on in the 
above embodiments, but the present invention can be 
implemented in a case where space-time coding is not 
performed, and can also be similarly implemented by 
applying the space-time block codes described in 
''Space-Time Block Codes from Orthogonal Design"IEEE 
Transactions on Information Theory, pp. 1456-1467, vol. 45, 
no. 5, July 1999, and the space-time trellis codes 
described in "'Space-Time Block Codes for High Data Rate 
Wireless Communication : Performance Criterion and Code 
Construction"IEEE Transactions on Information Theory, 
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pp. 744-7 65, vol.44, no - 2 , March 1998 . 

When changing the modulated signal transmit power 
when OFDM signals are transmitted from antennas as 
modulated signals, modulated signal transmit power may 
5 be changed by changing the transmit power of each 
subcarrier, or transmit power may be changed by changing 
the number of subcarriers used. 

A case in which the number of subcarriers used is 
changed will be explained briefly using FIG. 37. FIG. 37 

10 shows a specific example for creating the kind of power 
waveforms shown in FIG. 31 described in Embodiment 3, and 
presupposes a case in which modulated signals A through 
D are each formed from 64 subcarriers. In the period 
covering time i through time i + 3, modulated signal A is 

15 transmitted from antenna Tl using all 64 subcarriers. 
On the other hand, in the period covering time i + 4 through 
time i+7, modulated signals A through D are transmitted 
from antennas Tl through T4 using 16 subcarriers each. 
If it is assumed here that the transmit power per subcarrier 

20 is the same, power waveforms such as shown in FIG. 31 can 
be obtained. Since the number of subcarriers used is 64 
in both the period from time i through time i + 3 and the 
period from time i + 4 through time i + 7, the transmit power 
of the composite signal in the period from time i through 

25 time i + 3, and the transmit power of the composite signal 
in the period from time i + 4 through time i + 7, are equal. 

The essential point is that, in a case in which the 
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number of subcarriers used is changed, the number of 
subcarriers used in each modulated signal (OFDM signal) 
should be decreased as the number of antennas transmitting 
modulated signals increases (as the number of modulated 
signals multiplexed increases) . Here, a used subcarrier 
means a subcarrier in which a symbol whose signal point 
in the I-Q plane is not (0,0) is placed. With BPSK, for 
example , this means a subcarrier inwhicha (1,0) or (-1,0) 
symbol is placed. Conversely, an unused subcarrier means 
a subcarrier in which a symbol with a (0,0) signal point 
is placed. 

Also, when OFDM signals are transmitted from 
antennas as modulated signals, the total transmit power 
of modulated signals transmitted from a plurality of 
antennas may be changed by combined use of both the method 
whereby the transmit power of each subcarrier is changed, 
and the method whereby the number of subcarriers used 
is changed. 

The present invention is not limited to the 
above-described embodiments, and various variations and 
modifications may be possible without departing from the 
scope of the present invention- 
According to one aspect of a radio transmitting 
apparatus of the present invention, a configuration is 
employed that includes a plurality of antennas, a 
modulated signal number setting section that sets the 
number of modulated signals transmitted using a plurality 
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of antennas, and a transmit power changing section that 
changes the transmit power of the modulated signals 
according to the number of transmit modulated signals. 

According to this configuration, variation of the 
5 level of a composite signal of the modulated signals that 
occurs when the number of transmit modulated signals is 
changed can be made small, enabling quantization error 
of the receiving apparatus to be reduced. Also, since 
complex transmit power control is not performed, and 

10 transmit power is simply changed according to the number 
of transmit modulated signals, quantization error can 
be reduced by means of a simple configuration. 

According to one aspect of a radio transmitting 
apparatus of the present invention, a configuration is 

15 employed wherein the transmit power changing section has 
a pilot symbol forming section, and that pilot symbol 
forming section changes the signal point arrangement when 
a pilot symbol is formed so that the ratio of data symbol 
transmit power to pilot symbol transmit power changes 

20 according to the number of transmit modulated signals. 

According to this configuration, since the signal 
point arrangement when a pilot symbol is formed is changed 
so that the ratio of data symbol transmit power to pilot 
symbol transmit power changes according to the number 

25 of transmit modulated signals corresponding to the degree 
of multiplexing of data symbols, the pilot symbol signal 
level can be made to match the data symbol composite signal 
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level. As a result, pilot symbol quantization error can 
be reduced, the precision of radio wave propagation 
environment estimation, time synchronization, and 
frequency offset estimation using pilot symbols improves , 
5 and consequently data reception quality improves. 

According to one aspect of a radio transmitting 
apparatus of the present invention, a configuration is 
employed wherein the pilot symbol forming section decides 
the signal point arrangement of pilot symbols in 
10 accordance with the combined transmit power of data 
symbols transmitted simultaneously . 

According to this configuration, the pilot symbol 
signal level can be dependably aligned with the data symbol 
composite signal level, and pilot symbol quantization 
15 error can be dependably reduced. 

According to one aspect of a radio transmitting 
apparatus of the present invention, a configuration is 
employed wherein the pilot symbol forming section selects 
a signal point arrangement so that the pilot symbol signal 
20 point amplitude increases the greater the number of 
transmit modulated signals. 

According to one aspect of a radio transmitting 
apparatus of the present invention, a configuration is 
employed wherein the pilot symbol forming section decides 
25 the signal point arrangement based on the ratio of the 
number of simultaneously transmitted pilot symbols to 
the number of simultaneously transmitted data symbols. 
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According to this configuration, since the pilot 
symbol signal point arrangement is decided and pilot 
symbol transmit power changed based on the ratio of the 
respective degrees of multiplexing of pilot symbols and 
5 data symbols, the pilot symbol signal level can be 
dependably aligned with the data symbol composite signal 
level, and pilot symbol quantization error can be 
dependably reduced . 

According to one aspect of a radio transmitting 
10 apparatus of the present invention, a configuration is 
employed wherein the transmit power changing section 
changes the transmit power of each modulated signal at 
the same time as the number of transmit modulated signals 
is switched to a number set by the modulated signal number 
15 setting section. 

According to this configuration, variation of the 
modulated signal composite signal level before switching 
of the number of transmit modulated signals and 
immediately after switching of the number of transmit 
20 modulated signals can be eliminated, enabling 
quantization error occurring immediately after switching 
of the number of transmit modulated signals in the 
receiving apparatus to be reduced. 

According to one aspect of a radio transmitting 
25 apparatus of the present invention, a configuration is 
employed wherein the transmit power changing section 
makes the transmit power of each modulated signal smaller 



when the number of transmit modulated signals increases. 

According to this configuration, an increase in the 
modulated signal composite signal level due to an increase 
in the number of transmit modulated signals can be 
5 suppressed, and quantization error in the receiving 
apparatus occurring immediately after the number of 
transmit modulated signals is increased can be reduced. 

According to one aspect of a radio transmitting 
apparatus of the present invention, a configuration is 

10 employed wherein the transmit power changing section 
makes the transmit power of each modulated signal larger 
when the number of transmit modulated signals decreases. 

According to this configuration, a decrease in the 
modulated signal composite signal level due to a decrease 

15 in the number of transmit modulated signals can be 
suppressed, and quantization error in the receiving 
apparatus occurring immediately after the number of 
transmit modulated signals is decreased can be reduced. 

According to one aspect of a radio transmitting 

20 apparatus of the present invention, a configuration is 
employed wherein the transmit power changing section 
gradually restores the changed transmit power of each 
modulated signal to its value prior to switching of the 
number of modulated signals. 

25 According to this configuration, since the transmit 

power of each modulated signal is gradually restored to 
its value prior to switching of the number of modulated 
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signals, it is possible for gain control by the 
transmitting apparatus to keep pace, and hardly any 
quantization error occurs. Also, since the transmit 
power of each modulated signal is restored to its original 
5 value for which a good SIR (Signal to Interference Ratio) 
can be obtained, modulated signal reception quality 
improves . 

As described above, according to the present 
invention, in a system in which the number of 

10 simultaneously transmitted modulated signals is changed 
according to the propagation environment and so forth 
a radio transmitting apparatus and radio transmission 
method can be implemented that enable pilot symbol and 
data symbol quantization error to be reduced and reception 

15 quality to be improved. 

This application is based on Japanese Patent 
Application No . 2 003-2 8 90 60 filed on August 7, 2003, and 
Japanese Patent Application No . 2 0 0 4 - 7 1 3 22 filed on March 
12, 2004, the entire content of which is expressly 

20 incorporated by reference herein. 



Industrial Applicability 

The present invention is particularly suitable for 
application to a radio communication system in which 
25 different modulated signals are transmitted 
simultaneously from a plurality of antennas, and the 
number of these simultaneously transmitted modulated 
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signals is varied. 



